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Nanoemulsions, exhibiting droplet sizes of <200 nm, represent liquid-in-liquid dispersions that are kinetically stable.
Water and oil are the two incompatible liquids most extensively applied in commercial environments. Because of
their small size, characteristics such as visible transparency, high surface area per unit volume, sound stability and
tunable rheology are often observed. Additionally, large-scale nanoemulsions’ preparation is easily achievable in

industrial conditions. Therefore, nanoemulsions are especially suitable for commercial applications.

nanoemulsions preparation stability application encapsulation

| 1. Introduction

Nanoemulsions, exhibiting droplet sizes of <200 nm, represent liquid-in-liquid dispersions that are kinetically stable.
Water and oil are the two incompatible liquids most extensively applied in commercial environments. Because of
their small size, characteristics such as visible transparency, high surface area per unit volume, sound stability and
tunable rheology are often observed. Additionally, large-scale nanoemulsions’ preparation is easily achievable in

industrial conditions. Therefore, nanoemulsions are especially suitable for commercial applications [,

Since the oil and water phases are distributed relatively spatially, simple nanoemulsions can be divided into oil-in-
water (O/W) nanoemulsions denoting the dispersion of small oil droplets in an agqueous medium, and water-in-oil
(W/O) nanoemulsions signifying small water droplets distributed in an oil medium &l Additionally, utilizing a two-
step procedure, it is also possible to produce two types of multiple nanoemulsions, namely water-in-oil-in-water
(W/O/W) or oil-in-water-in-oil (O/W/O) &l For instance, the preparation of W/O/W nanoemulsions is achieved by
assimilating the oil phase comprising lipophilic surfactant with the water phase to form the initial W;/O
nanoemulsions, which are then homogenized with an additional water phase (W,) comprising hydrophilic

surfactant .

The methods used for nanoemulsions’ preparation can be divided into two principal groups namely low-energy and
high-energy techniques. When environmental factors (e.g., composition or temperature) or nanoemulsions’
compositions are modified, small droplets are generated, providing the basis necessary for the successful
operation of the low-energy methods BIEIIEl High-energy methods usually consume significant energy (~108—
10109 Wi/kg) to form small droplets. Furthermore, in the utilization of high-energy methods, the oil and water phases
are breached and blended using the powerful cavitational, shear and turbulent flow profiles created by the

specifically designed devices [2I10],
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Nanoemulsions are thermo-dynamically unstable since the free energy required to separate the oil phases from the
water phases is lower than what is necessary for emulsification. Therefore, nanoemulsions typically break down
during storage due to various mechanisms, such as gravitational separation (creaming or sedimentation),
flocculation, coalescence and Ostwald ripening (111 Moreover, various chemical and biochemical reactions such as
flavor loss, biopolymer hydrolysis, color fading and lipid oxidation can adversely affect nanoemulsions, causing
them to degrade during storage or lose their acceptable quality characteristics. Among the chemical deterioration

phenomena mentioned above, lipid oxidation occurs the most frequently in nanoemulsions 22!,

For several commercial uses, it is crucial that nanoemulsions-based products remain physiochemically stable when
exposed to unfavorable environmental conditions (including temperature, mechanical forces, and ionic strength)
during their production, storage, transportation and application B8, The addition of suitable stabilizers, including
emulsifiers, weighting agents, texture modifiers and ripening inhibitors can improve the physical stability of
nanoemulsions E23l Given that, three methods are commonly used to improve the nanoemulsions’ chemical
stability, including the manipulation of interfacial characteristics (e.g., thickness, charge, and chemical reactivity),
the addition of chelating agents or antioxidants, as well as controlling environmental elements (e.g., temperature,

light, pH, and oxygen levels) 8],

So far, a number of food ingredients and additives, including bioactive lipids, vitamins, flavorings, acidulants,
preservatives, colorings, antioxidants and so on, have been encapsulated by nanoemulsions and some of them are
already available in the market EII4 A |arger droplet surface area, as well as a decline in particle size of the
nanoemulsions may lead to increased functionality of the bioactive compounds contained within them. The majority
of the bioactive compounds are characteristically lipophilic. Thus, O/W nanoemulsions are commonly used to
improve the solubility and dispersibility of lipophilic substance in aqueous media, enhance stability, appearance,

taste or texture, increase uptake absorption and bioavailability, and reduce the off-flavor (such as bitterness or
astringency) [14115][16]

| 2. Preparation

A number of methods were developed to facilitate nanoemulsions, which include high-energy as well as low-energy
techniques 17, Selecting an appropriate method for the preparation of nanoemulsions rely on the characteristics of
the compounds needing homogenization (specifically the surfactant and oil phases), as well as the required
physicochemical attributes and operational qualities of the ultimate product (including rheological, optical, release,
and stability properties) 8. Understanding the various fabrication methods is crucial for relevant personnel to

choose the most suitable preparation technique and fabricate nanoemulsions for special application.

2.1. Low-Energy Methods

Low-energy methods are denoted by changes in environmental conditions, as well as the composition of the
mixture influencing the development of oil nanodroplets within the mixed systems containing surfactants, oil, and

water. The most frequently used low-energy techniques are spontaneous emulsion (SE), emulsion phase inversion

https://encyclopedia.pub/entry/17405 2/16



Food-Grade Nanoemulsions | Encyclopedia.pub

(EPI) (including phase inversion composition (PIC), and phase inversion temperature (PIT)) BI18. The principles of

the characteristic low-energy techniques used to O/W nanoemulsions were shown in Figure 1.

Low energy methods

w/o emulsion
Phase
inversion
temperature

- o/w
o Nanoemulsion

o

w/o emulsion
inversion
composition

Spontaneous
emulsification

Figure 1. Schematic depiction of the characteristic low-energy techniques used to create O/W nanoemulsions,

including phase inversion temperature (PIT), phase inversion composition (PIC) and spontaneous emulsion (SE)
[19),
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The low-energy methods for nanoemulsions’ preparation and their application in encapsulation of bioactive

compounds are summarized in Table 1.

Table 1. Examples of application of low-energy methods for nanoemulsions’ preparation.

Droplet
Emulsification ] ) - Bioactive Compound ] P
Optimal Processing Conditions Diameter Reference
Method Encapsulated
(nm)
Peppermint
(2) titration of organic phase into aqueous
phase, (2) constant stirring, 600 rpm, (3) room essential =50 (20]
temperature
oil
(1) titration of organic phase into the aqueous
phase, (2) constant stirring, 1000 rpm/10 min, Citrus oll 10-30 [21]
(3) room temperature
(2) titration of organic phase into aqueous
SE phase, (2) constant stirring, 750 rpm, (3) room Citrus oll =100 22]
temperature
(2) titration of organic phase into aqueous
phase, (2) constant stirring, 600 rpm/15 min, Cinnamaldehyde <100 (23]
(3) room temperature
(2) stirred, 1000 rpm/1 h, (2) room temperature Capsaicin 13-14 [24]
(1) deprotonated eugenol in hot alkaline added G5
to surfactant mixtures, (2) the mixtures were Eugenol a6 [25]
acidified to pH 7.0, stirred, 600 rpm
PIC (1) mixed oil and surfactant, (2) oil phase Docosahexaenoic <200 [26]

added to aqueous phase, (3) phase inversion

acid
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Droplet
Emulsification ] ) . Bioactive Compound ] P
Optimal Processing Conditions Diameter Reference
Method Encapsulated
(nm)
occurred at a certain oil-to water ratio, (4) Eicosapentaenoic
stirred, 30 min acid

(1) aqueous phase (water, glycerol) added to

organic phase (sunflower oil, polysorbate 80, Curcumin =200 [271(28]
curcumin), (2) stirred, 300 rpm/30 min
Essential
(1) mixed organic phase and aqueous phase, o 29.55— 29]
ils
(2) continuing stirred, (3) ambient temperature 37.12
Blend*
(1) all components were stirred, 30 min, (2)
heated to 15 °C above the PIT, (3) the Cinnamon oil 101 [2021]
temperature was reduced to the PIT
bIT (1) coarse emulsions were heated, 21-98 °C
/0-3 h, (2) immediately quenching in ice/water Lemon all =100 (2]
with hand shaking
1) mixing all components, (2) 3 temperature
& o g & g Curcuminoids 20-100 [33]

cycles (90-60-90—60-90-75 °C)

2. Maali, A.; Mosavian, M.T.H. Preparation and Application of Nanoemulsions in the Last Decade
(2000-2010). J. Dispers. Sci. Technol. 2013, 34, 92—-105.

ISotwl cStent@ihtsls DdndI atsuthi Sy ciyeresmiudsabasiufeo wan | sdie o gppli dztiongraChait actebasitioh;
Elsevier Science: Amsterdam, Netherlands, 2018; General Aspects of Nanoemulsions and Their

2.2- Klighrknergy Methods

KighWedeyy endthobs,) dAahiamoesh itz reehitinu ef, @mplsydorsmdth aidarqeip fenc tio sebityatsihg dispersed
phasistictol cabple s grsidk nioéptestitonrs Phpise Gajlidrbndoiacs tBai.a20 highlidapHa4%Y. Since high-energy
BB R a1\ P RABIERIS] RTHIISR Half e RSB 350 & mre
ap[;]l’Oﬁ)l’late for .food-related nanoemulsmns re ar |on while tlﬂeé/mare also FX edient , for uctlo at an

nce of main‘emulsion components physicoc ical and tunctional pro Ies 0
industrial scale and the necessary equipment is avallable commerually (4] "ysually, two steps are mvolved when
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prosiW\Onannaeteuisision & fiiscigohipblypérgn otssthtids apir igsilheeechgien®/80 e @onivrewgroteimed by
mixisglafetheFambResténtsQ 18, NdBsdeb-dkr or stirrer. Later on, the coarse emulsions are exposed to

%srﬂﬁtlve foice?\ﬂtoé ecll’%’lltg}']e 3 S(HJCIKI%nng]etrrr]l% SrlO ! Sprﬁb a %%O%ppﬁlca ons E%arac ehhzea g\HceS used,

h'g%Fs”ee\F - sihods, ReudE, el SRRy lcf'CEB‘i% BB PSSR e Reae RN (dPH high-

pre§%rtellrplcrﬁfrllu&j)l ohomogan at|on r((131—|PMH) and ultrasonic homogenization (USH) 234, The principles of high-

energy technlques used to create O/W  nanoemulsions were shown in Figure 2.
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Applicatid Foodl PMW&”@@mDr}ReV ; a1 ]19, 18,
264-285. J
11. McCleme grade nanot . ns: Formujatic -properties,
performa c@;ﬁl s ' e | K potentlall&g)n&% ~Crit. Rev. Food S 7;,2_011, 51)285-330.
12. Walker, R.; Decker, E.A.; Mcf;lemen{s—DJ—De!elnnmenf offood-grade nanoemulsions and

further steps to film formation/solidification . :
g. gfauypiugo %ppuuunluco aﬂé ebstacles in the food |ndUStry.

emulsions for delivery of ome
Food Funct. 2015, 6, 42-55.

159960 BRBAC @O RRIGHEAISCRS Y Joehoiauss Hiaee 39 aiRe REreBARIR IbRAYBRSRE Lo i
o Q) DI REAA BU S AU BHEHEIb & e SR P08 8% OH o453 Gfosp g mulsifcation by (B)

high-pressure homogenization (HPH), (C) ultrasonic homogenization (USH), (D) high-pressure microfluidic
%%n%gngﬁgnlm,%ﬁmya-%rtuny, R.; Rojas-Gral, M.A.; McClements, D.J.; Martin-Belloso, O.
Edible Nanoemulsions as Carriers of Active Ingredients: A Review. Annu. Rev. Food Sci. Technol.

The2Qigh-SnetgP-MéBods for nanoemulsions’ preparation and their application in encapsulation of bioactive

X0 YESHBAHIEEL §iTRP'S B.: Amparo, T.R.: Petit, A.; Pervier, P.; Almeida, J.C.D.S.: Azevedo,

M.C.; Silveira, B.M.; Brandao, G.C.; de Souza, G.H.B.; et al. Development of propolis
Table 2. Exam les of aRphca‘uon of hlgh energ[y methads for nanoemulsions’ preparation,
nanoemulsmn with antioxidant'and antimicrobial activity for use as a potential natural

ana oo —

Emulsification Bioactive Compound Droplet

Optimal Processing Conditions ] Reference
1 Method Encapsulated Diameter (nm)
. Food
RSE 24000 rpm/25 min docosahexaenoic acid 87 [35]
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1 Emulsification _ . - Bioactive Compound Droplet their
Optimal Processing Conditions ] Reference
Method Encapsulated Diameter (nm)
1 - Yhase
HPH 800 bar/8 cycles docosahexaenoic acid 11.17
988—
132 +2.0- [36]
1 103 M Pa/10 cycles pepper extract el r dermal
tions
60 MPa/3 cycles curcumin 203.6-260.6 =7
2 I
avour
40 kpsi/10 cycles fish oil 89.7 +27.7 (8]
2 nts,
137.9 MPa/10 cycles rosemary essential oil 2.88 (391 y
1000 bar/5 cycles docosahexaenoic acid 148 (491 .
fication:
122—-
350 bar/5 cycles curcumin 275.5 [41]
13 kpsi/1 cycle fish oil <160 42 2016,
Resveratrol 20.41 +3.41 ancing
ion: An
USH 350 W/5 min [43]
resveratrol cyclodextrin
) _ 24.48 +5.70
2 inclusion complex y Self-
171.88 +
2 20.5 kHz/400 W for 15 min thymus daenensis oil Lo 44 Hared by
Combined HPH (24,000 rpm/15 min) +
( . ) docosahexaenoic acid 11.31 B d
method HSP (800 bar/8 cycles)

T T T T TV O OTo T T [ oI e T T T ot T o T Tt O = ORIy T oo T T o =y T &y T T .

28. Borrin, T.R.; Georges, E.L.; Moraes, I.C.F.; Pinho, S.C. Curcumin-loaded nanoemulsions
produced by the emulsion inversion point (EIP) method: An evaluation of process parameters and
physico-chemical stability. J. Food Eng. 2016, 169, 1-9.
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2p3l,a$etra!b‘|| ityansakaow, S.: Leelapornpisid, P. Optimization, characterization and stability of
essential oils blend loaded nanoemulsions by PIC technique for anti-tyrosinase activity. Int. J.

3.1pRhysicalStabdity 2015, 7, 308-312.

StheCtnesizdaige PrioBicipatraveeattibhs Sange andegkuiniRriatang A Sesitcilemenigobhdbic effect induces
theMholdgnslalonaighiitl . iAntimserabivid actidaty Nend @harical sinkalishobnynoegrare alkin odsn:veatesveral
metiMeRUaNssfabeamaechl siagithpmhaspdritiersiotalesopetatprass einalalidl, Tako @baid ripening,
as Jeshnoh. 2ighte 31981 QrdBanding the essential mechanisms responsible for nanoemulsions’ instability is

3%98?{&%8%’%0%‘9@’%% Pa‘@vxé‘hb'tiﬂﬁ @jéar%ﬁtéens ab'l<tylWéa.lftiﬁ%Landsborough, L.; McClements, D.J.

Optimization of cinnamon oil nanoemulsions using phase inversion temperature method: Impact

of oil phase composition and s concentration. J. Colloid Interface Sci. 2018, 514, 208—
216. _
Kinetically
32. Su, D.; Zhong, Q. Lemon oil n ont%:f“‘%@)rllcated with sodium caseinate and Tween 20
using phase inversion temper n0d. J. Food Eng. 2016, 171, 214-221.
, : -
33. Jintapa rasert, V.B. il-based nanoe@' 3
Cmm; o Fr)sion temperaty do iﬁ"ﬁ)“rfﬁ
. p rre.methﬁ .J. g

| @apo scale cargog for the ﬂrotection
~Trends Food Sci. . 2018, 74,
Coalescence Phase
or separation

c ostwald
35. Karthik, P.; Anandharamakrishpan, abrication of a nupdgng delivery system of

docosahexaenoic acid nanoe p(glqa‘ggvia high energy techniques. RSC Adv. 2016, 6, 3501—
3513. : i

sravitational
paration

132—- 14

Flocculation

36. Galvao, K.C.S.; Vicente, A.A.; Sobral, P.J.A. Development, Characterization, and Stability of O/W
FigbeppesdeneeimpressnBtatuciethd ynelighnRnes seisporisibio genizatienusoodpBysjewd desabiitg{pbhse
sepadtibn) hrab&ideal.separation, flocculation, coalescence and Ostwald ripening.

35 1I\/:[ (?ra\;?agb(r?al-?ebaratle X.; Yao, Y.; Hong, X.; Yuan, F. Preparation of curcumin-loaded
emulsion using high pressure homogenization: Impact of oil phase and concentration on

Theppysieechentizanl stabditulbdATdFatsisSaovEeabnola20 {de Brheddhtidn) or upward (creaming) due to their
S5 YR8y, BN CRURH R By e AP, BrEediach iekouniR SR HB RAb sRRRBLR e
tends, & SRR 85 SRVANE i r%“r%”EWR"bﬂ/ﬂ“r%ﬁ“ AR e DR RSO G BReAS D g yater
in ﬁg%u_(jl_ﬁate Therefore, sedlmentatlon iSs common in W/O nanoemulsions while O/W exhibit more cases of

creaming B8, An increase in droplet size, density contrast in conjunction with a decline in the aqueous phase

3Rsdduigr i BneMRtRRidn JEBRTHRY 8RB IR F G RitMbHIP ZeparkitiiABCING rosemary oil-in-

water microfluidized nanoemulsion properties through formulation optimization by response
Acsuidtagadmetmenbalogyal Wk fefetob etabiichopha20dBuions/Esriaining 15% avocado oil and 8% starch

could be ascribed to gravitational separation of phases caused by fat droplet flocculation/coalescence and starch
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4freKipitthidn/RggtevmtdhdfmakeisbimgnioCCRathan cih g dun egagBafatayiancid sepanmisn U(sidimstadibity) apare
cinmarvitiie biyge stiulity ibrqurgivemutaifiersadofeoadsong. ZBé.GoiIl?qpréksllﬁiﬁved downwards in the pure

AT BEAKGAYSR Sﬁ(s‘e&h%‘ﬁ%tr%ﬁh R I IV VS SR T A R R T AR
Watem(g?smﬂ W|tl)1 curcumin using microfluidizer and response surface methodology. LWT Food Sci.

3.1/8CRIectitafioRfand Goalescence

Liu Luo Baj, L.; Dec ents, D.J. Fabrication of
12he coIIO|dz§ mteractll\dln between the’ droﬁllets determlnes two tf/R/(Ias o¥dr<g) et accumulatlDon namely coalescence

Concentrateﬁc]i Fish Oil Emulsions Using Dual-Channel Microfluidization: Impact of Droplet
and flocculatio

Concentration on Physical Properties and Lipid Oxidation. J. Agric. Food. Chem. 2016, 64, 9532—

Th@ﬁﬂ)jcess by which two or more droplets attract each other to form clusters is known as flocculation €. As
ABPRIRHAY RBaikeh . KUliZ[heafHhipdist R0 RCTIRFEES LARP Y Gt E8EAH ryeh & GBI T SRt PARIBUOEe
emylsioroac R BNy wEIs TesrerliioNan doresasiad Megerhiort e sheRiSTorr edthpIrain e Shedsiabdibied regne
narnpaesralsinRI CaHEEX It Hift RBaVIt) SRE A qRfttest il Atrd2 MO8 erRd CRBAS MBI N Brecang-ypsfable

and tended to roccuIate and coalesce, which caused a variation in zeta potential at the storage temperatures 49,

44. M Aliahm ARf A H.R.: Amini F M.M. An rial an
As reO%rte by ’Balhaé an!'st crean‘%l at[)l/er Wasb tg\ﬂdent I?or sapl)olnln coat%lg ad)rgglets when éla ta %E)encl‘,gnta}at%m
nst

ntj-biofilm activity of nanoemulsion of Thym nsis ol i Irr|n
exc%etetd% rr%\/lt %gesrtll% 0tﬁat l'tlhseoacgum WXUOHSO?'% etg (?Jﬁmzﬁﬁfresupegtrgmu o&%lsatt%nt instead of
Coaféglgleentgeb@ter baumannu J. Mol. Lig. 2018, 265, 76

45. McClements, D.J. Edible nanoemulsions: Fabrication, properties, and functional performance.
Thesprpogagtdy 2enigh 2 2pger_gropt is formed when several droplets collide and amalgamate is known as

coalescence (8. As reported by Bai et al., rhamnollplds were able to stablllze O/W nanoemulsions. The droplets

46. Arancibia, C.; Mir M.; Matiacevich, S.: Troncoso ica ertles nd lipi
coated with rhamno |p?s g’spla ed sta ?lty foIIowmg thermal treatm)e/zﬂ kLg en 30 p98 °C, Wlth”salt
thickenin roco

bloavallablLéf of nanoemu SIP Zf‘t matrices with dlfferent g (r:Jents Food ey(a
concentrations below 100 mM NaC evels between 5 and 9, as well as storag at least two weeks at room

2017, 73, 243-254.
temperatlre. However, nanoemulsions were unstable when subjected to storage conditions that were extremely
dcifih @t B-4T @0 i thyl ptalssmentst, IDgd. jidiie, SrehdiB(200-50& ninarndadie mhese hyside chemiasdribed to
cogrsqeeriesanbechiey P rzidime Stathid zéet nestatone|sisins hynisrig e dbplessHitikingngsiagd magnitude at
higicisuinandl tehpede Feo B%H ydrostel e2all §répar&T GighRBride nanoemulsions by the HPMH method, using a
f T i h iti f
AZTERaten ) 20 SO AR R BB SR e B A pad S el A AN e slet T 2"
f n-alcoh Isi | h
R Rt S PR e A et Ana a SRRt Sl h o rSoa ERG 381 5 352"
me(jrtéamsm (51, According to Shu et al., nanoemulsions contalnlng astaxanthin stabilized by saponins dlsplayed an

extremely high sensitivity and were predisposed to droplet coalescence when high salt concentrations were

49 ebbnP- TReseUeWirCedeitests REstRPELLINGIRIONS RO Lhe RivysicabstabiityarfodditRemelStvely charged
droPREOBEMHERIRMN A EYHACeINAO L icr3; 8Adm@dbing the coalescence and instability of the droplets 52,

50 Bai, L.; McClements, D.J. Formation and stabilization of nanoemulsions using biosurfactants:
343 Qatpd Ripeaing
amnolipids ollgid Interface Sci. 2016, 479, 71-79.

SRR SXERCTCYVRIEL Eters RS arf UBR IR IElCANBIRARS S PRABRCT AR PHIE FORIFMIR IBYObiffest continuous

PhagsptB4tAe S en aRaRSIPRafoIARE HeRIaBiRNsiBIe rPiEHGAR s AHR] | FEBPISE Nafo BIAtRSROKBO Wb RS
Oswgﬁé}%m’, M'iqu%mfﬂgpary instability mechanism for such nanoemulsions. Ostwald ripening occurs

when the dispersed phase solubility in large droplets (small curvature) is lower than in small droplets (large

curvature), which prompts droplet growth due to the appearance of a concentration gradient 22!,

https://encyclopedia.pub/entry/17405 9/16



Food-Grade Nanoemulsions | Encyclopedia.pub

SRcdShdindgsto Kyalidt Al.; cdrermiusiieyesnidiring BatewialCol . alaks)isniallyVisdsoeptibiation@stdald ripening
bezlnaeacterizapfitaftasteptasthisvehilichedtharogsuuisiphssstabdiz ecbugingsgmsenrgisapiyniysraghobic
natoiat (B Rcoolgifigrs. \WalkdrGhem.Rahg,c2 556 Afé4 homogenization, nanoemulsions containing thyme oil
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3.2- THEMEACS abifity 289-9297.

AR e S e sl T . M s M AN DO it BropohRen RO YR o
on formation, stability, and arglmlclgoblal a]ctlvn% of tpxme il q}anoem.ulsmn. F%od Chem. 20d18, .
fading occur in nanoemulsions leading them to lose their favorable characteristics. Of these, lipid oxidation is
245, 1&)4—111. I . T : . :
considered as oné of the most significant types of chemical degradation 12, The interfacial areas of nanoemulsions
Sire\Wddkies)yRalkde, (Rading tCabc e Betda fipkd. Axj deliistl € oeetot 8;ai2ds d g soperogidtsin (@1g. foramsition @nthls)
corsitapitity abfistutoilsin-vibdeluneneamatssosousiuty castigrads : IS atity e opheéoxares)n38l]. Barkaacdhl.
sudgegie@hat, HiEL|d50-t66n stability of nanoemulsions might exhibit a more significant association with the
5B TR SrR RS e A e Y i S B B W ater e RS TP acE S Pholscular
iron ical r ions in heterogen f ms. J. F I 2 1270-
3'3;8” 0 ﬂ?ir\]/teolrﬁ gpaebrﬂli%a} N%%cﬁlo s in heterogeneous food systems. J. Food Sci. 2000, 65, 0

orre anism
82.

i ili i i i i i 8
57 PSR MU SATEM, '3 R £78°SB10 L SabiE P TeliRt 28R BN W ater PoWel et @l

preH%rﬁger}ﬁﬂ &@Hlss.l gou '&%grlrl\”%igﬁgﬁ,d Aﬁk[gﬁdjllls generally utilized for pharmaceutical and cosmetic

applications, and explored their stability mechanisms. The eventual destabilization appeared due to the rising of
S8rdBEds tifich RAE tRoubiiahatdhc R8I BRGAIY S IRMRRRHEYC IR LSS REIHREORSHIRSIFY for the
forRANaCRHIC At SR URIRRS St z8d Sy hdUiRRG:E GR tsTRcHAsH- AL At BRAUG 2N 2211, 8ot Bure

SONABa SRy qe) 2 BANFRRICN | Aga R RYHC . HnHECPBIWIMG IR ME MAIREh SaSRIBS oTRRIh tARigstorage
pro@@ﬁ@a‘ﬂeri‘ﬁjbﬁ'iﬁ@%%@iIW.kUQﬁ@%WIQW, thﬁtqgjgge_,]_@%gl_ight be attributed to both the physical and

chemical effects, such as chemical interaction, coalescence, Ostwald ripening, and sedimentation. In_detall,

L o R Sl AR AR R ol el R TR e P e oo
Scl. 20(?6, Zl, RlO?—%l}G.. . o

Consequentily, the’mean particle Size of the nanoemulsions expands, resulting in accelerated droplet coalescence

eandSeakoetistic;“sevdou, M.; Andre, C.M.; Cambier, S.; Yonekura, L.; Taoukis, P.S.; Hoffmann, L.

Modulation of chemical stability and in vitro bioaccessibility of beta-carotene loaded in kappa-

I 4§rmﬁ6@?ﬁi{]—p§i6wls'{§bﬁq?zépem. 2017, 220, 208-218.

62. Grossmann, R.E.; Tangpricha, V. Evaluation of vehicle substances on vitamin D bioavailability: A
" QeI TR RS R BB 26! SHTBSEH  BRCagt, nanoemulsions should be designed to
improve their kinetic stability, which is achieved through meticulous structure and composition control. Particularly,

68isZdAtialtc 5P AtedlslcIaqRBE i off BRansiigtion Phiunetianal JnempitliceRINOREH S Nemulsifier,
weigHtlRS @aurRagsEl ROIRIRIA e IMEVisRE MshiMIER N e/ ilamBif RioANd demARALERAY fRET (o the
phy%%ghétﬁf&aﬂ-ﬂ'rgQE&i%g-%f nanoemulsion such as composition, interfacial composition, electric charge, droplet

6Hzon RAMBFaT tRtepagrRtgation. seundineanyamestyigadsaddively concentrates DHA from fish and

thraustochytrid oils. Food Chem. 2017, 229, 509-516.
For instance, apart from decreasing the droplet size, gravitational separation can also be reduced by adding

thickeners to improve the viscosity of the aqueous phase, or adding weighting agents to decrease the density
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6ontrase, dplel pddredaritth dGe Jto Decbyiatine, dad) cohlesdenedopanend oéstegethmgmaikiegassdoithat the
repaliet@r imderaetinndsitng. Suitalide dod irdiegratiatidntoffunotietal éacskprackictattdadiua cintezadsn201&g.,
hyd2&rebe-3dxh der Waals, and depletion). This is often accomplished by changing the aqueous phase
e RRESR" I Ponss Ui e i 250Ut ol b RIRSS B atisatand i ©f
phase displa ing low ater—%nlu ility, can restr_i%OstwaId.ri enlg}%[@] 59T .

neurological and psychiatric diSeases: An Overview. g. Neuropsychopharmacol. Biol.

Psychiatry.2007,_31, 12—_26. . . .
J 5 Applications in Encapsulation of Bioactive Compouynds
Thézﬂ¥goc9' gm%&&wgoégma&m%g,_ggch as bioactive lipids, essential oils, flavor compounds, vitamins,
e Imhanss asaignaidsiiand reiparitibae teasl ib@éﬁ@tf@@aﬁdcb@iémiagMi%stiWq@WWiiW.”

watgitag Wel g MrirSkabilite (nipod propsadpys [14]60], Generally, nanoemulsions are usually designed to retain

bioactive compounds during storage within a food product but control their release when they encounter specific

69. HglcriTgaarfi, M., _MO%%lnd, 'L Me%er, R.L. Efc,se tial Oils in Food Preser_vapon: Mfode of Action,.

envg nnrenta congltll , such” as | he moatrll/l or Ie&\:/ors or the galéstromtel\s/lt_lna bt_ralct 85—2}h§rTgceuhcals or
nergl nter ns wi rx Components. Fron icrgbiol. .

nutra%e&tiga?ss’ﬁp Ad i%o%%ﬁ'lg/), ﬁwe tde iv%?y an tsloworeﬁ)egsee (E? hyd?o;;[)hobicc:: |ogct|%/e compounds in O/W

Téhn¥erajohal Danidsoms BiVihaddwngsighsAatenienaddicibbcdivityhahtlhy theirobicasoesstgiyulsifiecbveiting their

solgaltiyam¢ aseinadeparatidecithireninhtd nitcatnlitietiediaf 11203246 hastrointestinal tract (GIT) system (62

[63]
71. Ma, Q.; Davidson, P.M.; Zhong, Q. Nanoemulsions of thymol and eugenol co-emulsified by lauric

arginate and lecithin. Food Chem. 2016, 206, 167-173.
5.1. Bioactive Lipids

72. Sharma, A.; Sharma, N.K.; Srivastava, A.; Kataria, A.; Dubey, S.; Sharma, S.; Kundu, B. Clove
SR ARAYRL B R84 RSSO FaNoS RSN rorSifiteting the GRS HAREo 2 olBRY
SR ERIRTB% 86 R L RBRE BRI . NS BROR S0t 1 mauy Digtive lipds L PUFAs
reportedly have substantial health benefits, such as the neuroplasticity of nerve membranes, nervous system

T3tV RY Inefrofy Atk 1 ARG cdMitie: devtop R, YynlpiidnsMSSERMERLSy Rtogtiaid 1e5ZA6RGvel,
biokAEAPRUZAUMANPIVSIGH: RIPRETIBR AR P loRI PRICRRISRAY BAR YRR ¥RQEBRS Y ceedingly
lowBRRRIMAEIRNRS AFOQEIRER: Wing &ratQetd9—ERBapsulation of bioactive lipids in nanoemulsions is

7RETEHR K nBraduriBe uieKiIer fHsRFURTiCRABIR IRV IiBERhYRE ined : I5PEHER R 3 Juactional
Propeatiffys ARl Bl favRINP IEtle. CPMIREHN &N fRiERnwhilgdnaskingifepyssdingent tastes e,

TReSAiRYAE PN An FSfan bl BrARfRi EPAMha RN AEn SR PRIAHAN HNEPR RRAFBHOR Bl My, the
beHGRARHANIHP KL RANREABIF AT BB dRIGAEIE INOLRAIRRIT oRERRAR FARH REIdRARAR rate of
DHAYPA 65 bé<tabilized at >60% (28] Dey et al., suggested that nanoemulsions demonstrated a considerably

7e90er 1pt2ka igie 0f EREASJN WWERE™Me! HRYINALresipns. comenred. [q_Faaveptignakenygiops. Meanwhile,
nanoREHARIANS 19 StaliliSHABIED B RIRSIEM 'S tABARAB RIFMRHARI SRR Ciieindte aPedesigtoteinhe
Pefi%%@é.biﬂ@Sanw@fb@&ﬂﬁerﬁilﬁ,@12611%%16’@. reported by Karthik et al., DHA O/W nanoemulsions were

fabricated by microfluidization using Tween 40, SC or SL as emulsifiers. Among them, Tween 40 stabilized
aSESRRRSL Ao QWi B GiFesBEBSFA iRty Reb; McClements, D.J.; Liu, 2. The
Efficacy of Nanoemulsion-Based Delivery to Improve Vitamin D Absorption: Comparison of In

5.2V ESs@itib] Bive afefmavidPebipdundsRes. 2018, 62, 1700836.
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TBsssohalerierjmthe fahaoiggrbBhdtiv, Blatiddigsidd, abetll e earis;liguiiS-atericatioorey plaived &sedtivitaaeis,
flovia8sforbified matso @nitsldans résfiseace obcasfiplaois tyjpe antivitabialiohdyassiidiy. dycaddntiacils is
ber2fitia| A0aih&26vE8859ypes of fungi, Gram-positive bacteria, and Gram-negative bacteria 8. The nature of

IR ;’Efu,‘5?!‘?H‘a‘?naé’%‘??%%%’g%ﬂ'l%ﬁ,”ﬁ.F?&%B?er#‘]“e"ﬁ s OMRAIR EhOshediticRdn PRREeS
e ed NS o B S g D SR e P SR A Ao st s
"eGRlE el P KT 0 8 A 951 673 B8 lopegg i nanoemulsions can be formed by
two methods.

80. Moradi, S.; Anarjan, N. Preparation and characterization of alpha-tocopherol nanocapsules based

OnemgtivdAsaincietabilingceasertiahuilksionse lkgoeoSeis ditteshtumita 0P e 28sifEL 3AdRi1ding to Xue et al.
SN A VB R R I RSS2 R Bt MY EE Rbsa B BlvESprent e »Y directy
o e dIsiBhefSr IoBical ety AVIERnREANE SBRANNY 201628110 YLy fppicating that the
antimicrobial characteristics were similar or exceeded those of the free essential oils Z9I71] As reported by Wang
8- A\S RGPV EmetdRyia T Mrdb SXPIGTREHA) SVIRY R RPRARIGAPS IR O LaRARIOACHYEsents a wide
rantiROFE difbicRIN TG RElRIS YWY BUFRBINBSEEH ST SeuIEiENs 5RBM2EI L) WE /it e3R 228

SCMé-prepared by SE method. The results showed that the entrapment efficiency of eugenol was 84.24% when

85K aCTDEBIERPARNB 2% diR(Pafl, RS/Ziarkhd, Raajafior. WRifakie . HSrAbiifieth aapoemulsions
e ARRH S SDAS T FrnTEh S ZSHIrkiBHTCOr AR AR 'S BRI AP a8 AYd EAeRS R STRR%RIBR pf at
amm%n&rt@gmt_arp%gslz@ﬁc{’%@_«p(sggysdﬂ_w_hﬂgégxhibiting exceptional redispersibility following freeze-drying or
spray-drying 22, According to Sharma et al., a synergistic O/W nanoemulsion containing clove and lemongrass oil
Bl B8R BN SotefBAN GG SAARSIR i DRACTRL BRISE% ¥R of ¥RECh T I RE N s

oil FIRPERRERILYYS, GBS O G SR 2 AN AN R SO C M GERIEh SHESHIN R of

ThyrrRPIEDENS: I AA0% 60 GDEM. A9 1888 A0PH8ed088%s emulsifiers, with droplet size of 171.88 +
8655 ngading, M denkdsianBsRo\@rd stintigeandtinastsd it botd tlarepgckinilFuswph Agpidtoantentalgsicmgii,

whighrangies ahely eesiftaof torosmirestagsoidzoiesint seevitieapedtnstne lipideswhratsbiRrgstadaniditien of

narloegkdsioR sswihpuEatil Aeids 2015, 1d/oL4mdse2.5-87.5 pg/mL, respectively. Additionally, after incubation for

24 h, the nanoemulsions exhibited remarkable antj-biofilm activity at a_sub-lethal dose (56.43% inhibition in 1/2
86. Silva, H.D.; Beldikova, E.;)P&Fjo, J.; Abrunhosa, L.; Serra, A.T.; Duarte, C.M.M.; Branyik, T.;

minimum inhibitory concentration . . . .
Cerqueira, M.A.; Pinheiro,’A.C.; Vicente, A.A. Evaluating the effect of chitosan layer on

AnQIRRGEERRP YL NG GEUSIRY LRl OfiRUFCHERIR S ASTAURIORS theh AL R0 AR phae.
8As BingieGhy P&@INR €35 alrarsoesvisiati®lcosttinmgotemmuixifydsgof kigudedile (9. gy terpa(BN BIDBIB) svidet
orapgd acactioavedabitity plytentiadiO(etimization| phthMeIcokiméticdiftanentnikingsiatis pass produced.
Théraesamieperéssitns (@R thdishe BlalyiDelinpoemuEkEADabaMtain mixed oil significantly exceeded
that_of nanoemulsions. containing pure citrus oil 3. As re§orted kl)_)( Tian et al., it was difficult using pure
88. Son, H.-Y.; Lee, M.-S.; Chan%;, E.; Kim, S.-Y.; Kang, B.; Ko, H.; Kim, I.-H.; Zhong, Q.; Jo, Y.-H.;
cmna_maldeh¥de as the oil phase to Torm stable nanoemulsions. Stable nanoemulsions containing cinnamaldehyde
im, C.-T. Formulation and Characterization of Quercetin-loaded Oil in Water Nanoemulsion and
were obtained with the additjon of MCT. Additionally, nanoemulsions contalnm%lcmzrﬁlanaldehyde and MCT could

Evaluation of Hy(PochoIester_oIem!c Actmtx In Rats. Nutrients 2019, _ _ _
provide an enhancéd long-term inhibition on the bacterial growth of Escherichia coli compared with pure

89nhenlaslyle @oraes-Lovison, M.; Pinho, S.C. Production, physicochemical stability of quercetin-
loaded nanoemulsions and evaluation of antioxidant activity in spreadable chicken patés. LWT
Re¢enty SeseMiehoibin2@Es)WHot-6dntading films have been produced and used for active food packaging.
However, this aspect has been extensively described elsewhere 19 and is not repeated in the present review.

https://encyclopedia.pub/entry/17405 12/16



Food-Grade Nanoemulsions | Encyclopedia.pub

W.IRYAmMIASA.S.; Taarji, N.; Khalid, N.; Kobayashi, I.; Nakajima, M.; Neves, M.A. Formulation and
characterization of water-in-oil nanoemulsions loaded with acai berry anthocyanins: Insights of
AS SRt Al DI RMEHR Y N AT BV &I TS BRANhOL)ARiINE AR TR AU AL S0 e M
soI%iélipﬂggilig)éﬁrl%wgter-soluble (hydrophilic). Vitamins A, E, D, and K are grouped as the lipophilic vitamins,

while vitamins B and C are hydrophilic.
91. Peng, Y.; Meng, Q.; Zhou, J.; Chen, B.; Xi, J.; Long, P.; Zhang, L.; Hou, R. Nanoemulsion delivery

LipSyistemitahiiae aelphencisyesunsnioedndreriaipaigpitahibitynafgnadechinschl saibiifyeod Whemsolibiidy 4],
ForZé&ahded Valnins A, and Vitamins E are easily oxidized, particularly when exposed to light, heat, light, and
oeBL9BY, BUR ARG S KOS HithBRrS eiResp LliaRY FonaSeh e EaldaBith Tl ure
dragﬁacraellger\]/tltﬁrghn dg. 8 ptgﬁ &T]% rﬁl.e@r?& jhaéo\%as’ E,ohfl_%[cantly affected by the processing and storage
environments 2, Nanoemulsions are usually fabricated to improve their chemical stability, solubility and oral
RoRawmrrarlos, H.; Ayala-Zavala, J.F.; Gonzalez-Aguilar, G.A. The Role of Dietary Fiber in the

Bioaccessibility and Bioavailability of Fruit and Vegetable Antioxidants. J. Food Sci. 2011, 76, R6—
ParkR&bal. examined the stability of O/W nanoemulsions containing retinol (vitamin A) when exposed to ultraviolet
PRI A PRI WRIRIZ. PIRh L VMU SRS S Ebilfty aRd Sh b BoaceeSifigy "
suggPR'ech FBRE MY b ErLiS A StamtAL R IDHES BratSISuRERCHIjugLRSS P80y sparsagations
dur?@ler’eggr,aﬂg%_cggﬁared to bulk oil. However, oil concentrations exceeding 10 wt% caused residual retinol
levels to be higher than in the bulk oil due to elevated emulsion turbidity 7. According to Ji et al., the vitamin A

Paifliade 2RAIEN YaiiblRMOhE n3eRRidon ML B8 EsbHARNRCHEBHG RABHIBF tR-DNARRAMRY S8
emPi@sdraPrey ed Ry Biakilise kit Belad-actadloRsiinnt AR rRipSanitgriss Basahitestadicatro
bio%@é@ggili& Ml'l%ﬂﬁ@@%b?%ﬁfgl9;4a$6§v@§r?€e%ogy the significantly higher concentration of vitamin D3 in

9BicRlisR AR GLusly Shied thatdhernozai sonEHenifieRntiHArgGasd S vatn AROHHR P b BM
Acqospiierie ByheRbabstmltidharves of-Saririel depiberhlisioritantalifrg eeoBoNaNis YR Rged the
preaa@g%§mg§@dp%¢g@gg§tmﬁl Qggfgr’nj_q_r@gm_qtggi_lity of vitamins D3z nanoemulsions stabilized by pea

protein. The results showed that the three lipids were all digested in the small intestinal simulation model within the
IsRlomayer-Gerdind, B Qomal BBy Acevede. FiMprales, B Bustamante, M S ie&eSital and
vitamie bl AR raLetagd Rioaseeasibli intoual ingeedipl hanasmylsen Wi SN Eet al.,
nar%gx%f"s?tljr?sngoggg%?r;[év%t%trﬁlmlEy\'/vEroeo at)c;ﬁggtrer]d g)(/) ]dgal:-l&%nﬁgprﬁidgrc?ﬂuidizer, using corn oil as a carrier oil
9hd_usjng. Fhangn RMivEEie Men tytididedLnakrgenu|sidnCasyitéd Xiaodtiday bgm visiom Basedessibility
(53DeVEYy Bysteims tioMiatiaemaltj thésca hilaenprief dfantp@hbénoT ghvoe el $ioBT Yitpeseshal iséitbup
to Digestiohiging AstaxaicthazBloatoessibitity2F-obsl Bmpleysby T8 kB 41 2-ARdnoemulsions containing
O T3, SRR eSS % P 8 e LB S SR AR efRe el cg =l viain

Ky into food formulations. The results shawed that .nanoemulsions could offer .optjon for the co ercial
' nanoemufsmns using octeny? succinic anhydride-moditied Erc . Int. J.aEIOIF.) |\/Iacromoei. %Cﬂ@

dev](_aﬁo&ni?ég_%ggt}i.d and aqueous formulation to deliver vitamin K4 21,

g%[i@/ﬁgﬁ8ﬁ@wwﬂa;§edia.pub/entry/history/show/41274

Phenolic compounds displaying significant antioxidant properties can be employed in biological preparations and
various food products such as anti-microbial, anti-atherogenic, anti-inflammatory, anti-thrombotic, and anti-

allergenic agents 2. Phenolic compounds are classified into lipophilic and hydrophilic compounds.
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Lipophilic phenolic compounds were usually encapsulated by O/W nanoemulsions. O/W nano-emulsification, can
reportedly improve the bioavailability of lipophilic phenolic compounds due to higher absorption, solubility, and
permeation into the body, as well as the safeguarding of the lipophilic phenolic compounds in nanoemulsions within
food preparations 2. According to Kumar et al., curcumin nanoemulsions with sodium caseinate were prepared.
The cellular uptake of curcumin was improved by nanoemulsification because that the slow release of curcumin in
the intestine is beneficial to incorporate it into mixed micelles of the bile salts or phospholipids 2. Zheng et al.
prepared curcumin nanoemulsions by three different methods (e.g., pH-driven, conventional, and heat-driven) and
compared them with three curcumin supplements that are currently widely available. The results showed that the
bioaccessibility of all curcumin obtained nanoemulsions compared well to even the most superior commercial
formulation. Additionally, the nanoemulsions produced using the pH-driven technique denoted the highest
concentrations of curcumin in the mixed micelles phase following exposure to a simulation of a gastrointestinal
tract B4, Sugasini et al. prepared a phospholipid-stabilized nanoemulsion containing curcumin and carrier oil
(sunflower oil, coconut oil, or linseed oil) and explored the possibility of nanoemulsions to enhancing the curcumin
bioavailability and DHA levels in rats. The results indicated the presence of high DHA levels in tissue and serum
lipids, as well as elevated curcumin levels in the serum, heart, liver, and brain of rats given feed nanoemulsions
containing linseed oil and curcumin B3 According to Silva et al., compared with WPI-nanoemulsions,
nanoemulsions stabilized by WPI-chitosan mixture showed the improved apparent permeability coefficient of
curcumin via Caco-2 cells, as well as the improved bioaccessibility and antioxidant ability B8], According to Singh et
al., the rate and extent of bioavailability of t-resveratrol was significantly enhanced by loading in nanoemulsions
rather than that of free t-resveratrol. Alongside this, the results of an in situ single pass intestinal perfusion study
showed a remarkable enhancement in the absorptivity and permeability parameters of nanoemulsions 2. Son et
al. prepared quercetin-loaded O/W nanoemulsions containing Tween 80, caprylic/capric triglyceride (Captex® 355),
soy lecithin, and sodium alginate using the SE method. The nanoemulsion polydispersity index and particle size
were <0.47 and 207-289 nm, respectively. The nanoemulsions were stable at pH levels ranging from 6.5-9.0
during a storage period of three months at 21 °C and 37 °C. Additionally, in rats that received a diet high in
cholesterol, the nanoemulsion containing quercetin displayed a more substantial efficacy in decreasing the level of
serum and hepatic cholesterol, with higher release of bile acid into feces, compared to free quercetin [88l. As
reported by Carli et al., nanoemulsion-encapsulated quercetin was created with the EIP method and using two
separate surfactants, namely Brij 30, and Tween 80. Nanoemulsions were obtained with mean particle size of 180—
200 nm. The retention of quercetin was around 70% in nanoemulsions that contained 0.30% quercetin (w/w) and
were stored for 90 d. Additionally, the incorporation of quercetin-loaded nanoemulsions in chicken patés can
improve their oxidative stability in a considerably more efficient manner than synthetic antioxidants. Sensory
information suggested that the quercetin encapsulation in nanoemulsions enhances consumer acceptability of the
products [,

Hydrophilic phenolics or the mixture of hydrophilic and lipophilic phenolics were usually encapsulated by W/O
nanoemulsions. According to Rabelo et al., stable W/O nanoemulsions containing acai berry extracts (ABE, rich in
anthocyanins) were successfully formulated. All W/O nanoemulsions containing different concentrations of ABE

exhibited high antioxidant activity and retention rates of anthocyanins after 30 days of storage. When 2% of
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anthocyanins was encapsulated in a 30 wt% ¢d (weight fraction of the dispersed phase) W/O nanoemulsions, they
had an estimated half-life of 385 days 9. Moreover, hydrophilic phenolics can also be encapsulated by O/W
nanoemulsions. As reported by Peng et al., The O/W tea polyphenols (TP) nanoemulsion were prepared with
polysorbate 80 and corn oil using the HPH method. The TP nanoemulsions with particle sizes of 99.42 + 1.25 nm
were stable during a 20-day storage period at 4 °C, 25 °C, or 40 °C. The results of in vitro assay of the simulated
digestion model displayed a higher degree of bioaccessibility with regard to (-)-epigallocatechin gallate (EGCG),
while (-)-epicatechin (EC), (-)-epigallocatechin (EGC), and (-)-gallocatechin gallate (GCG) exhibited lower

bioaccessibility in the nanoemulsions compared to the aqueous solutions 211,
5.5. Carotenoids

Carotenoids represent natural lipophilic pigments that provide various health advantages such as safeguarding the
eyes and reducing certain cancers. Increasing carotenoid bioavailability can be achieved when they are ingested
with dietary lipids since the micelles derived from digested products are beneficial to solubilization and
transportation of carotenoids to the epithelial cells EZR293] Encapsulation of hydrophobic carotenoids into O/W
nnaoemulsions could protect them from external stress factors. Additionally, the bioavailability of carotenoids can

be increased after nano-emulsification.

As reported by Fan et al., O/W nanoemulsions containing B-carotene (BC) were prepared using WPI and WPI-
dextran as emulsifiers. Following a 30-day storage period at 25 °C and 50 °C, the highest BC retention rate was
evident in nanoemulsions that were stabilized with WPI-DT (5 kDa) conjugate due to the relatively high scavenging
ability of diphenyl-1-picryl-hydrazil (DPPH). Additionally, the encapsulation in nanoemulsions stabilized by WPI-
dextran (70 kDa) significantly impeded the lipolysis and release of BC 4. According to Yi et al., BC retention of
lactalbumin-catechin conjugate-stabilized nanoemulsions was significantly greater than that of lactalbumin-
stabilized ones, which was attributed to the increased radical-scavenging and binding ability with free metal ion of
lactalbumin after grafting with catechin 22, Meng et al. prepared nanoemulsions containing TP and BC and found
that the addition of TP was effective in enhancing the oral bioavailability and storage stability of BC. During storage
at varying temperatures of 4 °C, 25 °C, and 35 °C, the stability and the BC retention of nanoemulsions containing
TP and BC was higher than those of nanoemulsions containing only BC. Additionally, as shown by the in vitro
simulated digestion assay and the in vivo absorption study, comparing with nanoemulsions containing only BC, the
nanoemulsions containing TP and BC exhibited the higher recovery rates of BC at digestion phases | and Il and
the higher conversion efficiency of BC to vitamin A 281, As reported by Sotomayor-Gerding et al., carotenoid
(astaxanthin or lycopene) nanoemulsions were obtained by the HPH method. Nanoemulsions were stable to
environmental conditions and storage time. The nanoemulsion oxidative stability was improved by trolox and the
stability of lycopene nanoemulsions was improved by the synergistic effect of trolox and butylated hydroxytoluene
(BHT). Additionally, carotenoid nanoemulsions were partially (66%) digested and highly bioaccessible (70-93%)
971 As reported by Liu et al., the bioaccessibility of astaxanthin in nanoemulsions containing different carrier oils
(olive oil, flaxseed oil and corn oil) was much higher than that in nanoemulsions containing no lipid, due to that the
hydrophobic carotenoids could be solubilized by the mixed micelles formed from the carrier oils. The final free fatty

acid release, as well as the bioaccessibility of astaxanthin exhibited a decrease in the following order: olive oil >
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flaxseed oil > corn oil [28. As reported by Shen et al., the nanoemulsions stabilized with WPI had the highest
cellular uptake of astaxanthin, followed, in order, by PWP, WPI-lecithin mixture, PWP—lecithin mixture (5.05 %
0.1%), lecithin, and Tween 20 22,
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